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The obJjectives of this study are:

1. -

20-

3.'

This

The determination of the causes of fallure in quartsz crystel units.
The formulation of accelerated tests for the determination of
"time to first failure", "mean time between failures", and "life
time".

The evaluation of such factors as elevated temperatures, and drive
levels other than the recommended drive levels, in csusing failure
of quartz crystal units.

The determination of a satisfactory definition of failure in terms

of performance.

report vas prepared by Carleton E. Jones.
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Statement of Purpose

This study is an investigation of factors that produce failures
of quartz crystal units. The work is divided into five distinct phases.
The crystals being tested are separated into 20 Lots, for ease of
handling and record keeping. Each Lot of crystals proceeds through the
five Phases without regard to the status of the remaining Lots, thus
more than one Phase may be active at any time, although for any one
Lot of crystals, the sequence of Phases follows chronological order.

Phase I: The contractor is procuring, from industry, military
Quartz crystal units in the types and quantities specified in Signal
Corps Technical Requirement SCL-7003/84. Bach of these quartz crystal
units is subjected to all preproduction tests required by Specification
MI1-C-3098C, and such other tests as are required to establish that
the crystal units are of a quality suitable for the study. All crystal
units vhici: fail these tests are eliminated from further study.

Phase II: The crystal units that conformed to all specification
requirements during Phase I testing are subjected to teats as listed
below.

(a) All crystal units that are normally operated under comtrolled
temperature conditions are stored at their specified oper-
ating temperatures.

(b) One-fourth of the crystal units that are normally operated
under non-controlled temperature conditions are stored as
plus 85 degrees centigrade. The remaining three-fourths of

these units are operated in oscillators at room ambient, one-



third of them at 25 percent of rated drive level, one-third
at 100 percent of rated drive level, and one-third at 500
percent of rated drive level. ’

(c) Measurements of series resonant frequency and resistance are

made at the end of each of the following periods of time
after the start of the test: 24 hours, 125 hours, 225 hours,
SO0 hours, 1000 hours, 2000 hours, 3000 hours, 4000 hours,
and 5000 hours.

Phase III: The frequency versus temperature characteristics of
the crystal units wvill be redetermined.

Phase IV: Those crystal units vhich still meet the requirements
of MIL-C-3098C at the end of Phase III will be divided into two lots,
one of vhich will be subjected to shock tests, the other to vibration
tests, as specified by the procuring activity. The frequency and
effective resistance of the crystal units will then be redetermined.

Phase V: A fimal repart vill be prepared, analyzing the data
generated in Phases I through IV vith regard to: (a) determination of
causes of failure; (b) the formulation of tests to determine "time to
first failure”, "mean time between fallures”, and "life time"; (c) the
effects of elevated temperatures, and high and lov drive levels in
inducing failures; (d) a workable definition of failure in terms of .
crystal performance; and (e) determination of a relisbility figure for

quartz crystals.
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Abstract

Phase I (preproduction testing of the crystal units) coatinues.

Of the 20 Lots of crystals involved in this study, 13 have completed
Phase I testing and are nov in P~ise I1I.

No problems of any significance have been encountered in performing
either Phase I or Phase II tests. Slow delivery by the manufacturers
has been the major factor slowing progress with the first phases of this
study.



Publications, Lectures, Reports, and Conferences

During the period covered by this report, no publications were
issued, and no lectures wvere delivered.

Monthly reports No. 5 and No. 6 were prepared and submitted on
schedule, and the Second Quarterly Report was submitted, accepted, and
distributed.

No formal conferences were held during this period. Mr. J. Stanley,
USAERDL, visited the contractors plant 12 December 1962 to view the
operation of the test program and discuss the procurement of the re;
maining crystals needed for the program. It vas agreed that because
of the apparent inability of manufacturer "A" to deliver the required
30 type CR-T4/U crystals, other sources should be solicited to supply
the units. Twvo other crystal suppliers wvere asked to bid on supplying
these crystal units. One of the two suppliers indicated he could
supply the units, and the arrival of a firm quotation from him is ex-

pected soon.



Factual Data

Phase I:

During the period covered by this report several partial shipments
of crystals were received. Manufacturer A has nowv delivered all crystals
ordered from him except the type CR-74/U ssmples. None of manufacturer
A's CR-Th's have been received, and it eppears likely that another
supplier may have to be found to swply these crystals.

Manufacturer B has nov delivered all the type CR-32A/U and type
CR-Th/U crystal units ardered from him. Of the 120 type CR-67/U crystals
ordered, 118 have been received, and of the 120 type CR-18A/U crystals
ordered, 107 have been received.

A record of the results of the preproduction tests performed on
the crystals supplied by manufacturer A is included in Appendix I, Table
I. In those cases vhere it is indicated that a test vas not applicable,
this wvas because half of each type of crystals were subjected to the
mositure resistance test and the other half to the aging test. Thue,
Lots 1 and 2 were subjected to aging but not to moisture resistance,
vhile Lots 3 and 4 vere subjected to moisture resistance, but not to
aging. For those crystal types which comprised only one Lot (the CR-
32A/U and CR-TW/U crystals), half of the Lot vas subjected to aging and
half to moisture resistance. Table II, in Appendix I gives the prepro-
duction momery for the crystals supplied by manufacturer B.

The crystals still being subjected to preproduction tests will
complete the tests in accordance with the following (spproximate) schedule:

Lots 7 and 8 will complete preproduction testing 5 February 1963.



Lot 19 will complete preproduction testing 8 February 1963.
Lots 10, 14, and 15 vill complete proproduction testing 45 days %
after receipt of the crystals required to complete the lLots.
Examinetions of the crystal units that have failed during prepro- [

duction testing have led to the following conclusions as to the causes

of the failures:
Semple number 120, Lot &, vhich would not oscillate after subjec-

tion to the vibration test, vas found to have a broken support wire

(ses Figure 1, Appendix II).
Sample number 21 of Lot 5, vhich would not oscillate after the

immersion test, vas re-subjected to the leakage test, end showed definite

evidenoce of leskage. It is believed that there wvas probebly some wndetec-

ted leakage occwrring vhem the crystal umit was initially subjected to

the leskage test, and that additional vater entered the crystal holder

during the immersion test.
Samples A3 and A6 of Lot 6 would not oscillate at the conclusion

of the aging test. Throughout the aging test the series resonant fre-

quency of these two samples had been shifting in s negative direction

at a relatively high rate, and the effective resistance had deen in-

creasing. DBy the end of the test, the effective resistance of each of

the two units had increased to a values 30 high the crystal could not be

made to oscillate in the standard test set (TS-683/TSM) at rated drive.

The crystals would oscillste at spproximately 300 percent of rated drive,

but the series resonant frequencies of the units were well dbelowv the

acceptadble minimm frequency.
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Samples 21 and 27 of Lot 9 failed to oscillate vwhen tested after
vibration. The crystal holders were opened and it was found that in
each of these two units one of the support wires had dbroken off the pin
in the base¢ of the crystal holder. The break, in each case, was at the
point at which the support wire was fastened to the pin. A photograph
of these two units, (Figure 2) showing the broken support wires, is in-
cluded in Appendix II of this report.

Samples 15, 19, and 28 of Lot 9 failed to oscillate after the
leakage test. All three units had shown evidence of leakage during the
leakage test.

Sample 25 of Lot 15 would not oscillate after the shock test. The
crystal holder was opened and it was found that one of the support
wires had broken loose from the quartz plate (see Figure 3, Appendix
II). Sample 27 of this Lot would not oscillate after the salt spray
test, and samples 20 and 28 would not oscillate at the conclusion of
the aging test.

There were four failures in Lot 20 during preproduction testing.
The glass holder of sample 25 fractured during the shock test, and
sample 14 would not oscillate at the conclusion of the shock test.
Samples 12 and 24 would not oscillate at the conclusion of the vibra-
tion test. A fifth sample, number 1, had to be removed from testing
because the holder wvas accidentally broken while the unit was being
mounted for the vibration test. A photograph illustrating the construc-
tion of these CR-74/U crystal units is included in Appendix II (Figure
4).



Efforts to ascertain the ceuse of failure are coatinuing on those
crystal units for which no cause of failure wvas given ia the above
summary, and the results of these investigations will be included in
Report Number k.

Two tests were performed on the type CR-T4/U crystals comprising
Lot 20 that were not included in the specification (MIL-C-27222) covering
these crystals. These tests were thermal shock and a special leakage
test. The tests vere performed as specified by the procuring agency.

The thermal shock test consisted of immersing the crystals for a period
of 15 seconds in a bath of water maintained at plus 95 degrees Centigrade.
At the conclusion of the 15 seconds in the hot bath, the crystals were
immediately transferred into a bath of wvater maintained at plus 5

degrees Centigrade. The crystals were left in the cold bath for a period
of five minutes, then they were removed from the bath, dried, and closely
examined, under magnification, for any evidence of cracks or other detri-
mental effects resulting from the thermal shock. No such evidence was
discovered.

The special leakage test consisted of inserting the crystal holder
into a high voltage field generated by a Tesla coil and observing vhether
any evidence of ionization could be detected within the crystal holder,
vhich would indicate that the holder vas no longer evacuated. No case
of leskage was discovered.

Phase II:

Phase II testing, which includes storing crystal units at elevated

temperatures, and also operating crystal units at 25, 100, and 500 per-

cent of rated drive, is nov being performed on lots 1, 2, 3, 4, 5, 6, 9,

o am——



11, 12, 15, and 16, The oscillators used for operation of the crystals
at the various drive levels are showvn in Figure 5 and 6, and a schematic
diagram of the oscillator circuit is shown in Figure 7, Appendix II.

The circuit employed is an adaptation of the oscillator circuit employed
in the standard crystal impedance meter (T8-683/TSM) used in testing
these crystals.,

In preparing the oscillators for use, the tuning and drive level
vas set in accordance vith the procedures normally used to prepare the
75-683 crystal impedance meter for uss in testing crystals to determine
their parameters in accordance vith specification MIL-C-3098C. Por ex-
ample, for testing a grouwp of 30 type CR-18A/U crystals at 25 percent
of rated drive, each individual oscillator vas tuned, and the drive set
across the required standard resistor, Just as in using the crystal
impedance meter. As the adjustment of each oscillator wvas completed,
the resistor used to set the drive level was removed from the crystal
socket, and one of the test crystals vas plugged into the socket.

A daily check is made, using an R.F. probe and a multimeter, to
determine vhether each individual crystal is still oscillating. This
mekes it possidle to pinpoint, vithin a simgle 24 hour period, the time
of failure, should a crystal fail. The drive sstting of each oscillator
is checked each time the crystal is removed from the circuit for test
msasurements. The drive levels originally set for the oscillators have
changed only slightly during opsrations to this date. All compopents
exployed in the oscillators were conservatively rated, and plate voltage

vas kept at a lov level, to help ensure this stability.



Records of the change in frequency of the crystals with respect !
to time are being kept in terms of parts per million. The frequency
measured for each crystal after the first 2k hours of Phase II testing
vas taken as the reference frequency for that crystal, and vas assigned
e value of 0. The difference, in cycles per second, between the
reference frequency of the crystal and the measured frequency at any
later time, divided by the reference frequency, expressed in millicns
of cycles per second, gives the frequency change, in parts per millionm,
occewrring between the twvo measurements. An increase in the measured
frequency is recorded as a plus frequency change, a decresse as a minus
frequency change.

The status of the various lots of crystals vhich were in Phase II
testing at the close of this report period vas as follows:

lot 1

These 20 megacycle CR-18A/U crystals, vhich are being stored at
plus 85 degrees Centigrade, completed approximately 2750 hours of stor-
age through 5 January 1963. The meaximum allowable frequency change
for these units (the overall frequency tolerance per MIL-C-3098C) is
plus or minus 50 parts per millioa. i

During the first 1,000 hours in storage only one unit, number 13,
hed changed in frequency more than S0 ppm. That unit was minus .77
ppa at the conclusion of 1,000 hours storage. When the frequency wvas
measured again, after 2,000 hours storage, a total of five units hed
frequency changes in excess of 50 ppm. Unit number 12 was minus 91.89
ppm, unit 13 minus 67.03 ppm, unit 17 ainus 55.77 ppm, uwnit 23 minus
6k.63 ppm, and unit 26 minus 50.62 ppm at that time. A complete record

10



.

et et g G g

of the frequency changes occurring in this Lot of crystals through the
2,000 hour test is given in Appendix I, Teble III.
Lot 2

This Lot of crystals, of the same frequency and type as those in
Lot 1, is being operated, at 25 perceat of rated drive, in oscillators.
The oscillators and test crystals are at roos ambient conditions.
Through 5 January 1963 this Lot completed approximately 2580 hours oper-
ation. One unit of this Lot (semple number 52) stopped oscillating
after spproximately 1430 hours operation. The sample vas removed from
test, and is being exsmined in an effort to assign a apecific cause of
failure.

Of the remaining 29 crystal units in this Lot, 17 units exhibited
positive frequency shifts, and 11 units exhibited negative frequency
shifts, at the end of 2,000 hours. One crystal unit has not changed
in frequency since the measurement mede at the conclusion of the first
2k hours of Phase II testing. A record of all frequency changes ocour-
ring in 2000 hours testing is presented in Teble IV, Appendix I.

Lot 3

These 20 megacycle type CR-184/U crystals are deing operated, at
100 percent rated drive, in oscillators at room smbient copditions.
nmmtmnutmml,ooowmmg,ooowmqmy-
aesasurements, fowr units failed. These failure vere:

Sample number 65 stopped oscillating after spproximately 150k
hours of operation. It vas determined that the crystal could be made
to oscillate at & high drive level, but the equivalent resistance of
the orystal had become 80 great that it would not oscillate in the



standard test set eircuit, even at 400 percent of rated drive.

Semple pumber 67 wvas still oscillating at the comclusion of 2000
hours operatidm, but would not oscillate vhen tested after 2k hours
of non-operating storage at plus 30 degrees Ceatigrade.

Sample mmber 79 stopped oscillating after approximately 1096
hours of operation.

Semple mumber 88 stopped oscillating after spproximately 1768
hours of operation.

¥o definite cause of failure has yet been determined for ssmples
67, 79, and 88. The remaining 26 samples in this Lot were still oper-
ating vithin the allowable overall frequency tolerance (+ 50 ppm) at
the time of the 2000 hour frequency messwrements. A record of the
frequency dhanges occwrring in this Lot is presented in Appemdix I,
Table 5. |

Lot &

These 20 megacycle CR-18A/U crystals are being operated in oscil-
lators, at room ambient conditions, at 500 percent of the drive spec-
1fied in MIL-C-3098C for crystals of this type and frequency. Through
5 Jenuary 1963, this Lot of crystals completed spproximately 2555 hours
of operation. There were no catastrophic failures during this period
of operation. .

Of the 29 crystal units in this Lot (one unit, oumber 120, failed
during the preproduction tests), 17 had negative frequency shifts in
mnod%m.mwunmmlmimdmwlw-
ation. A record of the frequency changes ocowrring during the first
2000 hours operation is given in Appendix I, Teble VI.

e
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Lot 5

These 50 megacycle CR-67/U crystals are being operated in oscil-
lators, at room ambient conditions, at 100 percent of the drive level
specified in MIL-C-3098/45. Through 5 Jenusry 1963 this Lot completed
approximately 2507 hours of operatiom. Of the 29 units in this lot
(semple number 20 failed the immersion test) 28 had changed in frequenmcy
less than the overall frequency tolerance of + 25 parts per million
during the first 2000 hours operation. The other unit, number 21, hed
changed minus 27.24 ppm at the end of 2000 hours operation. A record
of the frequancy changes of these crystals during 2000 hours operation
is presented in Appendix I, Table VII.

Lot 6

This group of 50 megacycle CR-67/U crystals is being stored at a
temperature of plus 85 degrees Centigrede. A total of 27 crystals are
novw in this Lot, as samples A3 and Al3 failed the preproduction aging
test, and semple A27 would not oscillate vhen tested after 225 hours
in storage.

A recaxrd of the frequency changes occwrring during the first 2000
hours of storage of this Lot of crystals is presented in Appendix I,
Teble VIII.

Lot 9

This growp of 50 megacycle CR-324/U crystals is deing stored at
the normal operating temperature specified far CR-324/U crystals, plus
T5 degrees Centigrede. A total of 25 crystals were put into storage,
samples 15, 19, 21, 27, and 28 having failed during the performance of

the preproduction tests.



The overall frequency tolerance for these crystals, per MIL-C-
3098C, is plus or minus 20 parts per million. Through 1000 hours of
storage, tvo samples, numbers 3 and 29, had frequency changes in excess
of 20 ppm. After 2000 hours, 7 ssmples (numbers 3, 4, 6, 10, 11, 18,
and 29) had frequency changes in excess of 20 ppm. A record of the
frequancy changes vith time of this Lot of crystals is presented in
Table XI, Appendix 1.

Lot 11

This Lot of 20 megacycle type CR-184/U crystals, supplied by manu-
facturer B, campleted approximstely 960 hours of Phase II testing
through 5 January 1963. These crystal units are being stored at a
temperature of plus 85 degrees Centigrade. The overall frequeancy for
these crystal units, per MIL-C-3098C, i{s plus or minus SO parts per
million. Through the 500 hour frequency measurements only one crystal
had a frequency change in excess of that tolerance. That crystal,
sample number 8, had shifted minus 146.25 pim after 225 hours, and ves
minus 146.02 ppm at the 500 hour frequency measurament. A record of
the frequency changes of this Lot of crystals is presented in Teble XIII,
Appendix 1.

Lot 12

This Lot of type CR-18A/U crystals is being operated, at 25 per-
cent of rated drive, in oscillators at room asbient conditions. Approx-
imately 900 hours of Phase 1] testing wvas completed on this Lot through
S January 1963. None of the 30 crystals in this Lot had frequency
changes in excess of the overall frequency tolerance of 50 parts per

million at the conclusion of the first 500 hours of operation. No

1k



catastrophic failures occwrred during 900 hours of operation. The re-
cord of frequency changes with respect to time is presented in Table
XIV, Appendix 1.
Lot 13

These type CR-J.BA/U crystals are being operated, at 500 percent
of rated drive, in oscillators at room ambient conditions. The Lot
completed 225 hours of Phase II testing 2 January 1963. Through 5 Jan-
uary 1963 there were no catastrophic failures in this Lot of crystals.

The overall frequency tolerance for these units (see MIL-C-3098C)
is plus or minus 50 parts per million. At the 225 hour check, two
crystals had changed in frequency more than 50 ppm. At that time,
erystal number 74 was minus 183.40 ppm, and crystal number 83 was minus
56.50 ppm. A record of the frequency changes of each of the 30 crystals
in this lot through 225 hours of testing is presented in Table XV,
Appendix I.

Lot 15

This Lot of type CR-67/U crystals is being operated, at 100 per-
cent of rated drive, in oscillators at room ambient conditions. This
Lot completed approximately %O hours ot Phase Il testing through 5
January 1463. The overall freguency tolerance tour crystals of this
type and frequency 18 plus or minus 25 parts per million.

Of the 26 crystal units comprising this Lot at the start of Phase
II testing (4 units failed preproduction tests), 2 had exceeded this
frequency tolerance after 125 hours operation, sample number 9 and
sample number 11 each having frequency changes of minus 36.00 ppm. At

the end of 225 hours, sample number 9 was minus 42,54 ppm, sample 11

15



vas minus 33.34 ppm, and semple nmumber 23 vas minus 25.78 ppm. At the
conclusion of 500 hours, 11 of the 26 crystals in this Lot bad frequency
changes in excess of 25 ppm. A camplete recard of the frequeancy
changes occurring during 500 hours operation is presented in Table XVII,
Appendix I.
Lot 16

This Lot of type CR-67/U crystals is being operated, at 25 percent
of rated drive, in oscillators at room ambient conditions. During 500
hours of Phase II testing, there vers no catastrophic failures, and
no frequency changes in excess of the overall frequency tolerance of
plus or minus 25 parts per million. The frequency changes occurring
during 500 hours operation are shown in Teble XVIII, Appendix I.

Lot 20

This Lot of type CR-T4/U crystals is being stored at plus 85
degrees Centigrade. When put into storage 5 January 1963, there vere
25 crystals in this Lot. Four crystals falled during the preproduction
testing, and a fifth crystal vas accidentally destroyed while it was
being mounted for the vibration test.
Phases III, IV, and V:

The performance of these three Phases of the program cannot be
initiated upon any Lot of crystals until the Lot completes Phase II.
As each Lot of crystals carpletes Phase II, it will move immediately
into Phase III, and at the conclusion of Phase 1II, be subjected to
the tests comprising Phase IV.

Barring any unforseen troubles, Lot 1 should enter Phase III spprox-
imately 10 April 1963.

16



Conclusions

From a reviev of the data accumulated through this report period,
some general trends can be detected, although with only 40 percent of
Phase II completed on the crystal samples that have been in Phase II
the longest period of time, any trend observed nov may vell be altered
or even reversed by the conclusion of the test period.

For the type CR-18A/U crystal units nov in Phase II, the average
frequency change (in parts per million) per Lot was computed for each
interval of the test sequence completed, with the following results:

lot 4 24 hrs. 125 hrs. 225 hrs. 500 hrs. 1000 hrs. 2000 hrs.

1l () +0.122 +0.124 -0.117 -7.034 -34.065
e 0 -0.073 «0.235 -0. 4o8 -2.834 +1.328
3 0 -0.658 -5.765 -T.147 -15.698 -22.099
) 0 -b.0U5 -9.598  -16.875 -24.308 -54.938

1l 0 -9.806 -8.817 -T.1k2

12 0 -22.6k1 -21.991 -b6. 361

13 0 40.562 -16.321

The conditions for these seven lots of crystals are: Lot 1 is stored
at 485°C; Lot 2 1s oacillating at 25% of rated drive; Lot 3 1s oscillating
at 100% of rated drive; Lot 4 is oscillating at 500% of rated drive; Lot
11 is stored at +85°C; Lot 12 is oscillating at 25% of rated drive; snd
Lot 13 1s oscillating at 500% or rated drive. The crystals in lots 1,

2, 3, apd & were supplied by manufacturer A, those in Lots 11, 12, and

13 were supplied by manufacturer B.
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Six of the seven lots exhibit a marked negative frequency shift.
This in itself is not surprising, but the magnitude of the changes,
particularly for Lots 1 and 12, is. The near quintupling of the average
frequency change for Lot 1 in the interval from the 1000 hour to the
2000 hour checks is, at the moment, inaxplicable. Wuhen the measurements
made after 2000 hours vere compared with those made after 1000 hours,
it vas felt that some error had been made in setting up the test equip-
ment to perform the measurements, or that the equipment was not properly
calibrated. The calibration of the instruments vas checked and found
to be correct. The measurements vere then repeated, and the results
sgreed very closely with the original messurements.

The trend established by the frequency shifts occurring in Lot &
agrees vith vhat vas expected for crystals subjected to high drive levels,
but Lot 12 (at 25% drive) is showing a similar trend.

The average frequency change, in parts per million, for each Lot
of type CR-67/U crystals nov in Phase II vas also computed. The results

of these computations is tabulated below:

ot # 24 hrs. 125 hrs. 225 hrs. 500 hre. 1000 hrs. 2000 hrs.

5 0 -0.733 -1.522 -2.822 -5.204 -9.903
6 0 +0. koo +0. 326 -1.226 40.005 -0.019
15 o =3.343 -k.915 -30.333
16 0 -0.416 -0.413 -Q.583

The conditions for these four lots of crystals are: Lot 5 is oper-
ating at 100% of rated drive; Lot 6 is in storage at +85°C; Lot 15 1is

operating at 100% of rated drive; and Lot 16 is operating at 25% of

18



rated drive. The crystals in Lots 5 and 6 were supplied by manufacturer
A, those in Lots 15 and 16 vere supplied by manufacturer B.

The average frequency changes, in parts per million, for the CR-
32A/U crystals in Lot 9, wiich are being stored at their reference
temperature of +75°C, were: After 125 hours, -0.702; after 225 hours,
+1.621; after 500 hours, -0.216; after 1000 hours, -5.754; and after
2000 hours, -19.436.
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Program for the Next Interval

During the next Quarter, Phase I and Phase II testing will be con-
tinued, and investigation of the failed crystal units listed in the
current report, as well as any units failing during the next interval,
will be mede. Identification of the plating metals used in the various
failed crystals vill be made.

With the additiomal date that will accrue during this interval,
it 1s expected that some acceleratod tests directed tovard determining
"time to first failure”, "mean time between failures”, and "life time"

can be suggested.
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Identification of Personnel

During this report period, three people have spent the majority
of their working time on this contract. These are the Froject Engipeer,
Mr. Jones, a technician, Mr. Switzer, and a second engineer, Mr. Roeger.
A description of the background of Mr. Jones and Mr. Switzer wvas in-
cluded in the First Quarterly Report. An outline of Mr. Roeger's train-
ing and experience is given below.

Through the end of this report period, Mr. Jones had performed
approximately 1000 man-hours of work om this contract, Mr. Pease 470
man-hours (in designing and fabricating the test oscillators), Mr.

Roeger 160 man-hours, and Mr. Switzer 973 man-hours.

Professional Record

ROEGER, EARL, JR. - Junior Engineer

Years Engaged in Profession - Since 1960

Acedemic Training -

Mount Union College B.S. Physics 1956-1960
University of Akron 1958

Bmployment Record

Dates Company Duties
1960 - Present Inland Testing Laboratories Engineer

Professional Experience

As an engineer at the Inland Testing Laboratories, is presently
responsible for analyses of field failure data from the Army Equipment
Record System. This includes statistical analyses to determine: re-
liability of equipments, components, and parts; probability of equipment

and part availability; major problem areas in various electronic systems;



and maximgm utility spare parts kits.

Has respomsidbility for the preparstion of test procedwres, and the
supervision of lsbaratory technicians in the application of thess pro-
cedures. Has designed test fixtures and chsmbers for vibration, shock,
and variable-temperature testing of electronic and mechanical equip-
ment, including solid-state converters, inverters, and audio amplifiers.

Prepares and edits test reports for submission to goveromental
agencies and private industry.

Security Clearance - Secret
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APPENDIX I

Test Data

Note: Table numbers XII, XVI, XIX, XX, and XXI do not appear in the
following data. These numbers are reserved for use on Lots of

crystals that have not yet entered Phase II of this study.
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TABLE XVIII - Phase II Testing, Lot 16, CR-67/U

Frequency Change, Parts Per Million, During Long Tera Oscillation at 25% Drive
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Illustrations
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Shown above is sample number 120
of Lot No. 4, which sustained a
broken support wire during the
vibration test.

FIGURE 1

39



Shown ebove are samples number 21
(left) and 27 (right) of Lot No. 9
which sustained the damage illustrated
during subjection to the vibration
test.

FIGURE 2
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Sample No. 25 of Lot 15, shown
above, received the damage
illustrated during the shock
test.

FIGURE 3
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Type CR-T4/U crystal units, showing
Lot No. 20 samples that failed
preproduction tests.

FIGURE &
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views of typical printed circuit
oscillator board used for life

Partial front (on left) and rear
test oscillators.

FIGURE 5
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Front view of bank of life test
oscillators in operation.
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UNLESS OTHERWISE NOTED:

ALL RESISTORS 172 W Q
ALL CAPACITANCE VALUES =
CAP.] Y-20MC | Y- 80MC
Cl 91! pf 8 pt
C2 ol pt S pt

SCHEMATIC OF LIFE TEST OSCILLATOR CIRCUIT.

FIGURE 7
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